Introduction
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CDSs of PperSFBs, PperSLFLs, PperSSK1 and PperRbx1 were cloned into pGADT7 vector (Clontech). In order to find out the reason that PperSFB differentiates between self S-RNase and non-self S-RNases, Normal PperSFB2 was divided into four parts: box, box-V1,
V1-V2 and HVa-HVb and cloned them into pGADT7 vectors. Yeast two-hybrid assay and all PperS-RNases in this study. For the Y2H assay, AH109 cells containing both AD and BD plasmids were The pCambia1300 vector was used to construct BiFC vectors, which contained into pCambia1300-YFPN vectors, whereas the partial CDSs of S-RNases without stop 2 1 3 codon removed signal peptide were cloned into pCambia1300-YFPC. All the 2 1 4 construct vectors were transformed into Agrobacterium tumefaciens GV3101 and co-infiltrated into Nicotiana Benthamiana leaves. Fluorescence was observed in 2 1 6 epidermal cell layers after 5 days by Olympus BX61 fluorescent microscope 2 1 7 (Olympus FluoView FV1000).
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The box, box-V1, V1-V2 and HVa-HVb frames without the stop codon were 2 1 9 amplified and cloned into the pCambia1300-YFPN vectors. The recombinant were co-transformed into maize (Zea mays Linn.Sp.) protoplasts respectively 2 2 4 according to Ren et al. (2011) . GFP fluorescence was observed by Olympus BX61 (Supplemental Table 2 ). His-tagged proteins were purified as previously described .
The mature peptide of the S-RNases without signal peptide were cloned into the inoculated into LB medium containing 100μg/ml ampicillin and incubated for about incubated for 10-12 h at 16°C in the shaker at 180rpm. His-tagged fusion proteins 2 3 8
were purified using Ni-NTA His Binding resin (Novagen, USA) as previously described (according to the manufacturer's instructions of Ni-NTA His Bind Resins,
Novagen). The full-length coding sequences of pollen-expressed PperSFB1m,
PperSFB2m, PperSFB2, PperSFB4m PperSLFL1, PperSLFL2 and PperSLFL3 were cloned into pMAL-c5x vector, which is designed to generate maltose-binding protein 2 4 3 (MBP) fusion proteins. Similarly, the PperCUL1, PperSSK1 and PperRbx1 were 2 4 4 cloned into pGEX4T-1 vector, which is designed to produce glutathione S-transferase 2 4 5 (GST) fusion proteins. All the GST-fusion proteins and MBP-fusion proteins were 2 4 6 purified using glutathione resin and maltose, as previously described (Yuan et al., In Vitro Ubiquitination Analysis of S-RNase
In vitro ubiquitination assays were performed as previously described (Yang et P. hybrida), and aliquots of the recombinant proteins GST-PpSSK1, GST-CUL1,
GST-Rbx1 and any MBP-SLFL at 30 °C for 2 h. Mixtures were immunoblotted using For this study, we collected 37 Chinese peach varieties which represent local 2 6 2 cultivars in 18 provinces/municipalities in China (Supplemental Table 1 ). These are Yunnan and Guizhou provinces) to the northwest of China (Shanxi province), then to PperSLFL1 and PperSLFL2 showed pollen-specific expression, similar to the
PperSFB genes. Despite the fact that PperSLFL3 transcripts were detected in both 3 0 6 leaves and styles, its expression was the most in pollen (Fig. 1D) . The identity of the 3 0 7
predicted amino acid sequences of PperSLFL1, PperSLFL2 and PperSLFL3 was with PperSLFL2 and PperSLFL3, respectively, the identity was 31.33% and 31.72%, and with PperSFB. All the PperSLFL proteins contained the basic F-box domain and
the FBA domain (Fig. 2) . The phylogenetic tree analysis showed the three PperSLFL genes of peach clustered together with other Prunus SLFL genes, which was reported
previously (Tao et al., 2008 (Supplemental Fig. S3A ).
The SSK1 proteins with two conserved domains of apple, pear and petunia were
used in a BLAST search for the proteins predicted in the peach predict protein
database (http://www.rosaceae.org/). The candidate SSK1 gene (PperSSK1) was
cloned with specific primers (Supplemental Table 2 ). The full-length coding sequence
(CDS) of PperSSK1 was amplified from 'Hunchun Tao' (S1S2) pollen and was 150 to 200 amino acid residues and contains a Skp1-POZ domain at the N terminus
and a Skp1 domain at the C terminus. The deduced amino acid sequence of PperSSK1
comprised 177 residues and contained the Skp1-POZ and the Skp1 domain. In the
phylogenetic tree, PperSSK1 clustered into a lineage with PtSSK1 and PavSSK1 Fig. S3B ). In addition, the other two subunits of the SCF complex,
PperCUL1 and PperRbx1, were cloned with pollen cDNA of 'Hunchun Tao' (S1S2) as acid residues and phylogenetic analysis showed that it clustered together with 3 3 4
MdCUL1 and PavCULB which have been shown to be a component of the SCF protein contained 117 amino acid residues, and had an H2 loop figure domain at the 3 3 7
C-terminus which is necessary for ubiquitin ligase activity. The Interactions between S-RNases and S-locus F-boxes
Yeast two-hybrid analysis was performed to detect the interactions of PperSFBs
with S-RNases. PA1 (ppa011133m) (Aguiar et al., 2015) , also a T2-RNase of Prunus
persica, was cloned in this study. Because of no signal peptide, the full-length coding
sequence (CDS) of PA1 was cloned into pGBKT7 to detect the interactions of PA1
with S-locus F-boxes. The results showed that the mutated PperSFB and normal
PperSFB2 interacted with all the S-RNases, and these interactions displayed no allelic
specificity. There was no interaction between PA1 and PperSFB (Supplemental showed that the intensity of interactions between these combinations was not high and
the intensity of interaction between normal PperSFB2 and S2-RNase was slightly
higher than that of other combinations (Supplemental Fig. S4B ). Because of the
insertion of the fragments, the proteins encoded by PperSFB1m, PperSFB2m and
PperSFB4m genes were terminated prematurely and the domains at C-terminus was S-RNase, we divided the normal PperSFB2 gene into four parts: box, box-V1, V1-V2
and HVa-HVb (Supplemental Fig. S4C ). Using yeast two-hybrid and bimolecular
fluorescence complementation (BiFC) analysis, we found that the box region did not
interact with all of four S-RNases, whereas box-V1 and V1-V2 portions of PperSFB2
physically interacted with all four S-RNases, and the interactions displayed no allelic 3 5 9
specificity. From the yeast coloring time stained by X-α-gal and fluorescence intensity,
it could be seen that the interaction intensity between each combinations was not high.
Interestingly, the HVa-HVb of PperSFB2 only interacted with S2-RNase but not other
S-RNases, indicating a potential role in S-RNase-SFB specific recognition 3 6 3 (Supplemental Fig. S5 ).
The expression of PperSLFL1-3 had pollen specificity and contained F-box
domains, which led to a problem that whether they might play roles in
self-incompatibility of peach. First, we detected the interactions of PperSLFL1-3 with
S-RNases. The Y2H and BiFC analysis were performed using various fusion assay showed that S-RNases interacted with PperSLFL1-3 with no allelic specificity,
respectively (Fig. 3A) . The β -galactosidase report gene activity suggested that the
intensity of interaction between PperSLFL1 and the four S-RNases was slightly
higher than other various combinations (Fig. 3E ). PA1 did not interact with any The yeast two-hybrid analysis was performed to investigate the interaction with PperSFB2, PperSFB1m, PperSFB2m and PperSFB4m (Fig. 3C) , and the activity 3 8 3 of β -galactosidase confirmed the intensity of the interaction was high (Fig. 3D) . Both
PperSSK1 and PperRbx1 interacted with PperCUL1, and the activity of ( Fig. 3B) .
We also examined the interactions between PperSSK1 and three other
pollen-expressed F-box proteins, PperSLFL1-3, to explore the hypothesis that
PperSLFL proteins might play a role in self-incompatibility of peach. The yeast
two-hybrid analysis was conducted using the full-length CDSs of these 3 S-locus
F-box protein genes. All the three F-box proteins showed interaction with PperSSK1 interaction between them, and the interaction between PperSSK1 and PperSLFL1 and 3 9 4
PperSLFL2 was stronger than that of between PperSSK1 and PperSLFL3 (Fig.3D ). A SCF complex containing PperSLFL1-3 ubiquitinates S-RNases in vitro
In order to test whether S-RNases could be ubiquitinated by SCF SLFL in vitro,
commercial His-UBA6 was used as the ubiquitin-activating (E1) and His-UBH6 was 3 9 9
used as ubiquitin-conjugating enzyme (E2). Purified MBP-PperSLFL1-3, were detected a single band (Fig. 5) . Distinct immunoreactive bands with higher His-S-RNase (26 KDa) bands, and no band was detected in the negative control proteins could ubiquitinate S-RNase of peach. In this study, we selected 37 Chinese peach varieties from 18 areas of China, this study (Supplemental Table 1 ), four previously described S haplotypes were 4 1 7 identified S1, S2 , S2m and S4. S2 was the most frequent S-haplotype in the tested
Chinese peach varieties (occurred in 33 varieties), followed by S1 (in 10 varieties),
S2m (in 7 varieties) and S4 (only in 3 varieties). All four S haplotypes, S1 S2, S2m, and S2-RNase existed in Guang He Tao indicating that these mutations occurred productivity. Because of the special natural environment, self-compatibility generally 4 2 6 led to more reliable fruit set, which made the probability of survival in natural 4 2 7 selection increased, but the genetic diversity in the S-locus was declined. We 4 2 8 proposed that under selection pressure for SC, pollen part mutants might 4 2 9 preferentially be selected compared to pistil part mutants because there were many GSI system. That is why all the peach S haplotypes characterized in this study are
pollen part mutant S haplotypes and the S2-allele accumulates the most.
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After analyzing the sequences of mutant pollen S genes, we found that the 155bp inserted 4949bp fragment in PperSFB4m was also the same that had been reported 4 3 8 (Fig. 1B) (Tao et al., 2010) . That kind of mutant might be due to an error in 4 3 9
homologous recombination, or a retro-transposition. As we know, gene duplication is its evolution.
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In the S-RNase-based GSI system, non-self S-RNases in pollen tube are detoxified. It is hypothesized that detoxification of non-self S-RNases in pollen is 4 4 6 mediated by the SCF complex. S-RNases are degraded by SCF SLF/SFBB mediating in 4 4 7 other plant species with the S-RNase-based GSI system (Tao and Iezzoni, 2010; 4 4 8 Iwano and Takayama, 2012; Yuan et al., 2014) . In this study, three pollen-expressed
F-box genes ( Fig. 1D and Fig. 2 ), named as PperSLFL1-3, located at the S locus of 4 5 0 peach (Fig 1C) . Phylogenetic and evolutionary analysis indicated that PperSLFL1-3 which was the same as Tao did (Tao et al., 2008) . We speculated that the Prunus SI was 'self recognition by a single factor' system (Sonneveld et al., 2005) . In the 'self self-compatibility from self-incompatibility due to SFB mutant. SFB2 had a role in
self/non-self recognition, the variable region interacted with self/non-self S-RNase,
and the hypervariable region interacted with self-S-RNase (Supplemental Fig. S5 ).
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We suspected that SFB specifically recognizes self-S-RNase to leave self-S-RNase active, leading to the arrest of self pollen tube growth.
The F-box protein would be the good candidate for the GI. In sweet cherry, S-RNase could be degraded, and the pollen tube continue to grow to complete
fertilization. This model is needed to be carfully tested, and further studies are needed
to clarify the mechanism of self-incompatibility in Prunus. different organs was extracted and used as template for cDNA synthesis. and PperSLFL3. The three PperSLFLs sequences of Peach aligned using DNAMAN.
The F-box domain is marked by purple line above, and the FBA domain is marked by
black line above. and (E) Y2H assays and the activity of β -galactosidase assay of the interaction galactosidase assay of interaction between PperSSK1 and PperSFBs and PperSLFLs. Empty vector was used as negative control; SV40 and p53 was used as positive. AD-activation domain; BD-DNA binding domain. were co-injected with empty vector respectively as negative control. Scale bars = 10 5 3 8 μ m. total proteins were loaded in each lane. were used as negative control. template and primers Pru-C2/Pru-C4R for S 1 and S 2 , and S 4 specific primers. trees. The deduced amino acid sequences of Skp1-like proteins were from
Arabidopsis thaliana(AtSKPs), Antirrhinum hispanicum(AhSSK1), Prunus Prunus persica(PperSSK1). The deduced amino acid sequences of cullin-like proteins were from Arabidopsis thaliana(AtCUL1-3), Prunus avium(PavCUL1A, PavCUL1B),
Petunia integrifolia (PiCUL1C), Vitis vinifera(VvCUL1-1,VvCUL1-2), Nicotiana Prunus persica (PperCUL1). NJ trees were generated with 1000 bootstrap replicates. BiFC assay for the interaction between S-RNases and portions of PperSFB2.
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Fluorescence is indicated by the YFP signal. Merged images of YFP as well as bright 5 9 2 field images are shown. Scale bars = 10 μ m.
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Supplemental Table 1 Thirty seven wild and local genotypes of Chinese peach 5 9 4 5 9 5
